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TITLE OF THE INVENTION 

Semiconductor Device and Manufacturing Method Thereof 
BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to a semiconductor device including a 

capacitor used in a dynamic random access memory (DRAM) or the like, 
and a method of manufacturing the same. 
Description of the Background Art 

A semiconductor device provided with a DRAM having a capacitor for 
10 storing signal information as charges has been used conventionally. 
Hereinafter, a structure of such a conventional semiconductor device 
provided with a DRAM having a capacitor will be described with reference 
to Fig. 18. In the conventional semiconductor device including the DRAM 
with the capacitor, as shown in Fig. 18, a source/drain region 101 is formed 
15 below a main surface of a semiconductor substrate 120 with a prescribed 
depth. An interlayer oxide film 102 is formed to cover semiconductor 
substrate 120 including source/drain region 10 1. A contact hole is formed 
which penetrates interlayer oxide film 102 to reach source/drain region 101. 
A storage electrode consisting of a polycrystalline silicon (hereinafter, 
referred to as "polysilicon") film 103 with an n type impurity introduced 
therein is formed to fill in the contact hole as well as to continuously cover 
the upper surface of interlayer oxide film 102 . A capacitor dielectric film 
consisting of a tantalum oxide film 104, expressed as a chemical formula 
Ta205, is formed to continuously cover the surface of polysilicon film 103 as 
25 well as a portion of the upper surface of interlayer oxide film 102. A cell 
plate electrode consisting of a titanium nitride film 105, expressed as TiN, 
is formed by chemical vapor deposition (CVD) to cover the upper surface of 
tantalum oxide film 104. 




conventional semiconductor device as described above, if a 
negative bias^voi^age^s applied to the cell plate electrode, electrons in 
titanium nitride filmToB^&ein^hej cell plate electrode are introduced into 
tantalum oxide film 104 being thecap^eito^dielectric film, whereby a 
leakage current is generated. This introduc^n-of^electrons from the cell 
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plate electrdde^othe capacitor dielectric film causing the leakage current 
occurs when energylie^ded for electrons to exceed a potential barrier, 
which is determined by awo^k^function of titanium nitride film 105 
forming the cell plate electrode, is>KQyided to the electrons within titanium 
nitride film 105. The fact that the leak>gecurrent is generated when the 
titanium nitride film, the work function of wluthis 4.95V, is used as the 
electrode means that a material having a work function that is greater than 
4.95V needs to be used to form the electrode. 

Further, in the manufacturing method of the conventional 
semiconductor device as described above, the step of forming tantalum 
oxide film 104 being the capacitor dielectric film is followed by the step of 
depositing titanium nitride film 105 that is to be the cell plate electrode. 
In this step of depositing titanium nitride film 105, ammonia (NH 3 ) gas 
causing reduction is used, and thus, oxygen atoms that are components of 
tantalum oxide film 104 are eliminated. This causes a deficiency of oxygen 
atoms in tantalum oxide film 104, which in turn causes generation of a 
leakage current in the capacitor dielectric film 

The amount of charges stored in the capacitor reduces over time, due 
to the leakage current generated in the capacitor as described above. As a 
result, the charge retaining capability of the capacitor is diminished, which 
results in the degradation of refresh performance of the capacitor. 
SUMMARY OF THE INVENTION 

An object of the present invention is to provide a semiconductor 
device provided with a capacitor with an improved charge retaining 
capability, by suppressing generation of a leakage current in the capacitor 
dielectric film. 

The semiconductor device according to a first aspect of the present 
invention includes: a contact plug including a tungsten film in the upper 
portion thereof, formed on a semiconductor substrate; a storage electrode 
including a tantalum nitride film formed on and contacting an upper 
surface of the tungsten film; a capacitor dielectric film including a tantalum 
oxide film formed on and contacting an upper surface of the tantalum 
nitride film; and a cell plate electrode including a tantalum nitride film 



formed on and contacting an upper surface of the tantalum oxide film. 

In such a structure, the storage electrode and the cell plate electrode 
are formed of tantalum nitride film, the work function of which is greater 
than that of the titanium nitride film used to form the cell plate electrode of 
the capacitor in the conventional semiconductor device. This restricts 
introduction of electrons into the tantalum oxide film forming the capacitor 
dielectric film. Thus, it is possible to suppress generation of a leakage 
current in the capacitor dielectric film. 

Further, the contact plug is formed using the tungsten film. 
Therefore, it is possible to prevent oxidation of the upper surface of the 
contact plug, which would be inevitable during a manufacturing process 
when a polysilicon film is used to form the storage electrode as in the case 
of the conventional semiconductor device. This prevents formation of 
additional capacitance because of the oxidation of the upper surface of the 
contact plug. As a result, reduction of capacitance of the capacitor is 
suppressed. 

Moreover, the tantalum nitride film offering an effective barrier is 
formed on the tungsten film. Thus, counter diffusion between the 
tungsten film and the tantalum nitride film is prevented. This restricts 
generation of a leakage current in the capacitor dielectric film due to the 
counter diffusion between the contact plug and the storage electrode. As a 
result, the charge retaining capability of the capacitor is improved. 

The semiconductor device according to a second aspect includes: a 
storage electrode including a tantalum nitride film formed on a 
semiconductor substrate; a capacitor dielectric film including a tantalum 
oxide film formed on and contacting an upper surface of the tantalum 
nitride film; and a cell pate electrode including a tantalum nitride film 
formed on and contacting an upper surface of the tantalum oxide film and a 
copper film formed on and contacting an upper surface of the tantalum 
nitride film. 

In such a structure, the copper film used for the cell plate electrode is 
highly conductive, which increases drift speed of electrons within the cell 
plate electrode. Therefore, a capacitor can respond to the signal charges 



given to the capacitor at a greater response speed. As a result, the 
operating speed of the semiconductor device is increased. In addition, a 
part of the cell plate electrode is formed of the tantalum nitride film 
offering a good barrier, which prevents counter diffusion between the 
tantalum nitride film and the copper film. Thus, generation of a leakage 
current in the capacitor dielectric film due to the counter diffusion within 
the cell plate electrode is restricted. As a result, it is again possible to 
improve the charge retaining capability of the capacitor when the copper 
film is used as a portion of the cell plate electrode to increase the 
conductivity of the cell plate electrode. 

The semiconductor device according to a third aspect of the present 
invention includes: a storage electrode including an indium oxide film 
formed on a semiconductor substrate; a capacitor dielectric film including a 
tantalum oxide film formed on and contacting an upper surface of the 
indium oxide film; and a cell plate electrode including an indium oxide film 
formed on and contacting an upper surface of the tantalum oxide film. 

In such a structure, the storage electrode and the cell plate electrode 
are formed of indium oxide film, which minimizes the likelihood of a 
reductive efimination reaction of the tantalum oxide film forming the 
capacitor dielectric film occurring during the manufacturing process. 
Accordingly, possibility of efimination of oxygen atoms within the tantalum 
oxide film due to the reductive reaction is reduced. Thus, a high degree of 
crystallinity is kept for the tantalum oxide film constituting the capacitor 
dielectric film. This restricts generation of a leakage current in the 
capacitor dielectric film due to the deficiency of the oxygen atoms within 
the tantalum oxide film. As a result, it is possible to increase the charge 
retaining capability of the capacitor. 

Preferably, in the semiconductor device according to the third aspect 
of the present invention, the storage electrode includes a tantalum nitride 
film formed beneath and contacting the lower surface of the indium oxide 
film. 

In such a structure, the tantalum oxide film formed beneath and 
contacting the lower surface of the indium oxide film offers an effective 



barrier, which restricts counter diffusion between the indium oxide film 
and a conductive material used for the contact plug. Thus, it is possible to 
restrict generation of a leakage current in the capacitor dielectric film due 
to the counter diffusion between the indium oxide film and the conductive 
material used for the contact plug. As a result, by forming the storage 
electrode using indium oxide film that is unlikely to cause reductive 
reaction of the tantalum oxide film during the manufacturing process, it is 
again possible to improve the charge retaining capability of the capacitor. 

More preferably, in the semiconductor device according to the third 
aspect of the present invention, the cell plate electrode includes a copper 
film formed on the indium oxide film. 

In such a structure, the highly conductive copper film is used to form 
a part of the cell plate electrode. Thus, drift speed of the electrons within 
the cell plate electrode increases, and accordingly, the capacitor can 
respond to the signal charges given to the capacitor at a higher speed. As 
a result, the operating speed of the semiconductor device is increased. 

Still more preferably, in the semiconductor device according to the 
third aspect of the present invention, in the case where the cell plate 
electrode includes the copper film on the indium oxide film, the cell plate 
electrode includes a tantalum nitride film formed between the indium oxide 
film and the copper film, contacting the both films. 

In such a structure, the tantalum nitride film is formed between the 
two layers of the cell plate electrode, i.e., the indium oxide film and the 
copper film. This restricts counter diffusion between the indium oxide film 
and the copper film, and thus, generation of a leakage current in the 
capacitor dielectric film due to the counter diffusion within the cell plate 
electrode is restricted. As a result, it is possible to improve the charge 
retaining capability of the capacitor when the copper film is used as a part 
of the cell plate electrode to increase the operating speed of the 
semiconductor device. 

The manufacturing method of the semiconductor device according to 
the first aspect of the present invention includes the steps of: forming a 
contact plug including a tungsten film on a semiconductor substrate; 



forming a storage electrode including a tantalum nitride film contacting an 
upper surface of the tungsten film; forming a capacitor dielectric film 
including a tantalum oxide film contacting an upper surface of the 
tantalum nitride film; and forming a cell plate electrode including a 
tantalum nitride film contacting an upper surface of the tantalum oxide 
film. 

With such a manufacturing method, the storage electrode and the 
cell plate electrode are formed using tantalum nitride film, the work 
function of which is higher than that of the titanium nitride film that is 
used when manufacturing the cell plate electrode of the capacitor in the 
conventional semiconductor device. Therefore, a capacitor can be formed 
in which it is less likely that electrons are introduced into the tantalum 
oxide film forming the capacitor dielectric film. Thus, it is possible to 
manufacture a semiconductor device provided with a capacitor in which a 
leakage current is less likely to be generated in the capacitor dielectric film. 

Further, the tungsten film is used to form a part of the contact plug. 
This prevents oxidation of the upper surface of the contact plug, which 
would be inevitable during manufacturing the storage electrode using the 
polysilicon film, as in the case of the conventional semiconductor device. 
Therefore, a capacitor can be formed in which formation of an additional 
capacitance due to the oxidation of the upper surface of the contact plug is 
prevented. As a result, it is possible to manufacture a semiconductor 
device in which reduction of the capacitance of the capacitor is restricted. 

Moreover, the tantalum nitride film is formed on the tungsten film, 
which offers a good barrier. Thus, counter diffusion between the tungsten 
film and the tantalum nitride film is less likely to occur. As a result, a 
semiconductor device can be formed in which generation of a leakage 
current in the capacitor dielectric film due to the counter diffusion of the 
contact plug and the storage electrode is suppressed. Accordingly, it is 
possible to manufacture a semiconductor device provided with a capacitor 
with an improved charge retaining capability. 

The manufacturing method of the semiconductor device according to 
the second aspect of the present invention includes the steps of: forming a 



storage electrode including a tantalum nitride film on a semiconductor 
substrate; forming a capacitor dielectric film including a tantalum oxide 
film contacting an upper surface of the tantalum nitride film; and forming a 
cell plate electrode by first forming a tantalum nitride film contacting an 
upper surface of the tantalum oxide film and then forming a copper film 
contacting an upper surface of the tantalum nitride. 

With such a manufacturing method, the cell plate electrode is formed 
using the highly conductive copper film. This enables formation of a 
capacitor in which electrons within the cell plate electrode move at a high 
speed. Accordingly, the capacitor is allowed to respond to the signal 
charges given to the capacitor with a high response speed. Thus, it is 
possible to manufacture a semiconductor device provided with a capacitor 
operating at a high speed. 

Further, the tantalum nitride film is formed as a part of the cell 
plate electrode, which offers a good barrier. Thus, a cell plate electrode 
can be formed in which counter diffusion between the tantalum nitride film 
and the copper film is less likely to occur. Therefore, a capacitor can be 
formed in which generation of a leakage current in the capacitor dielectric 
film due to the counter diffusion within the cell plate electrode is 
suppressed. As a result, it is possible to manufacture a semiconductor 
device provided with a capacitor with an improved charge retaining 
capability when a copper film is used as a portion of a cell plate electrode to 
increase conductivity of the cell plate electrode. 

The manufacturing method of the semiconductor device according to 
the third aspect of the present invention includes the steps of: forming a 
storage electrode including a indium oxide film on a semiconductor 
substrate; forming a capacitor dielectric film including a tantalum oxide 
film contacting an upper surface of the indium oxide film; and forming a 
cell plate electrode including an indium oxide film contacting an upper 
surface of the tantalum oxide film. 

With such a manufacturing method, as the indium oxide film is used, 
reductive reaction of the tantalum oxide film forming the capacitor 
dielectric film is unlikely to occur during the manufacturing process. Thus, 



possibility of elimination of oxygen atoms within the tantalum oxide film 
due to the reductive reaction is minimized. Therefore, a capacitor can be 
formed in which the tantalum oxide film constituting the capacitor 
dielectric film keeps a high degree of crystallinity, and thus, it is possible to 
form a capacitor in which generation of a leakage current in the capacitor 
dielectric film due to the deficiency of oxygen atoms within the tantalum 
oxide film is restricted. As a result, it is possible to manufacture a 
semiconductor device provided with a capacitor with an improved charge 
retaining capability. 

Preferably, in the manufacturing method of the semiconductor device 
according to the third aspect of the present invention, the step of forming 
the storage electrode includes the step of forming a tantalum nitride film 
and the step of forming an indium oxide film contacting an upper surface of 
the tantalum nitride film. 

With such a manufacturing method, the tantalum nitride film 
offering an effective barrier is formed beneath and contacting the lower 
surface of the indium oxide film forming the storage electrode. Therefore, 
a capacitor can be formed in which counter diffusion between the indium 
oxide film and a conductive material used for the contact plug is suppressed. 
This allows formation of a capacitor in which generation of a leakage 
current in the capacitor dielectric film due to the counter diffusion between 
the indium oxide film and the conductive material used for the contact plug 
is suppressed. As a result, it is possible to manufacture a semiconductor 
device provided with a capacitor with an improved charge retaining 
capability when the storage electrode is formed using the indium oxide film 
which is unlikely to cause reduction of the tantalum oxide film during the 
manufacturing process. 

More preferably, in the manufacturing method of the semiconductor 
device according to the third aspect of the present invention, the step of 
forming the cell plate electrode includes the step of forming an indium 
oxide film and the step of forming a copper film on the indium oxide film. 

With such a manufacturing method, the highly conductive copper 
film is formed as a part of the cell plate electrode, which allows formation of 




a capacitor in which electrons within the cell plate electrode move at a high 
speed. This increases the response speed of the capacitor when it responds 
to the signal charges given to the capacitor. It is thus possible to 
manufacture a semiconductor device which operates at a high speed. 
5 Still more preferably, in the manufacturing method of the 

semiconductor device according to the third aspect of the present invention, 
in the case where the step of forming the cell plate electrode includes the 
step of forming the indium oxide film and the step of forming the copper 
film on the indium oxide film, the step includes the step of forming a 
— 10 tantalum nitride film contacting an upper surface of the indium oxide film, 
?n after the formation of the indium oxide film and before the formation of the 

=F copper film. 

*( With such a manufacturing method, the tantalum nitride film 

Q offering a good barrier is formed between two layers of the cell plate 

r{ 15 electrode, i.e., the indium oxide film and the copper film. This allows 

formation of a cell plate electrode in which counter diffusion between the 

Q indium oxide film and the copper film is restricted. Thus, a capacitor can 

n i 

p be formed in which generation of a leakage current in the capacitor 

SI dielectric film due to the counter diffusion of the indium oxide film and the 

y 20 copper film is suppressed. As a result, it is possible to manufacture a 

semiconductor device provided with a capacitor with an improved charge 
retaining capability when a copper film is used as a part of the cell plate 
electrode to form a capacitor having a high operating speed. 

The foregoing and other objects, features, aspects and advantages of 
25 the present invention will become more apparent from the following 

detailed description of the present invention when taken in conjunction 

with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram schematically showing a cross sectional structure 
30 of a semiconductor device according to first and second embodiments of the 
present invention. 

Figs. 2, 3, 4, 5 and 6 are diagrams successively showing process steps 
of manufacturing the semiconductor device according to the first and 
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second embodiments of the present invention. 

Fig. 7 is a diagram schematically showing a cross sectional structure 
of a semiconductor device according to a third embodiment of the present 
invention. 

Fig. 8 is a diagram illustrating a process step of manufacturing the 
semiconductor device according to the third embodiment of the present 
invention. 

Fig. 9 is a diagram schematically showing a cross sectional structure 
of a semiconductor device according to a fourth embodiment of the present 
invention. 

Figs. 10, 11, 12, 13, 14, 15, 16 and 17 are diagrams successively 
showing process steps of manufacturing the semiconductor device according 
to the fourth embodiment of the present invention. 

Fig. 18 is a diagram schematically showing a cross sectional 
structure of a conventional semiconductor device. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, embodiments of the present invention will be described 
with reference to the drawings. 

First Embodiment 

First, a structure of the semiconductor device provided with a DRAM 
having a capacitor according to the first embodiment of the present 
invention will be described with reference to Fig. 1. The semiconductor 
device provided with the DRAM having the capacitor according to the 
present embodiment includes, as shown in Fig. 1, a source/drain region 1 
formed below a main surface of a semiconductor substrate 20 with a 
prescribed depth. An interlayer oxide film 2 is formed to cover 
semiconductor substrate 20 including source/drain region 1. A contact 
hole is formed which penetrates interlayer oxide film 2 to reach 
source/drain region 1. A titanium nitride film 8 is formed at the bottom of 
the contact hole as a barrier metal film. A tungsten film 6 is formed on 
titanium nitride film 8 to fill in the contact hole. A tantalum nitride film 
3a, expressed as a chemical formula TaNx, is formed to continuously cover 
upper surfaces of tungsten film 6 and interlayer oxide film 2 . A tantalum 
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oxide film 4, expressed as Ta20s, is formed to continuously cover the surface 
of tantalum nitride film 3a and a portion of the upper surface of interlayer 
oxide film 2. A tantalum nitride film 5a is formed to cover the upper 
surface of tantalum oxide film 4. 

In the semiconductor device according to the present embodiment, 
the storag&^lectrode and the cell plate electrode are formed using tantalum 
nitride films 3a Ss aQdj 5a, the work function of which is 5.41V. That is, the 
semiconductor device&Gqording to the present embodiment uses, for 
formation of the electrodes of^e capacitor, a material with a work function 
that is greater than the 4.95V of^taj^ium nitride film 105 which was used 
for the electrodes of the capacitor in thefcoxwentional semiconductor device. 
Introduction of electrons into tantalum oxideTfiim 4 forming the capacitor 
dielectric film is thus restricted. As a result, generation of a leakage 

current in the capacitor dielectric film is suppressed. __ 

Further, the contact plug is formed using tungsten film 6. This 
prevents oxidation of the upper surface of the contact plug that is inevitable 
during manufacturing the storage electrode using polysilicon film 103, as in 
the case of the conventional semiconductor device. Thus, formation of 
additional capacitance due to the oxidation of the upper surface of the 
contact plug is prevented. As a result, reduction in capacitance of the 
capacitor is prevented. 

Moreover, tantalum nitride film 3a is formed on tungsten film 6, 
which offers an effective barrier. Thus, counter diffusion between 
tungsten film 6 and tantalum nitride film 3a is less likely to occur. 
Therefore, generation of a leakage current in the capacitor dielectric film 
due to the counter diffusion of the contact plug and the storage electrode is 
restricted. As a result, the charge retaining capability of the capacitor is 
improved. 

A manufacturing method of the semiconductor device provided with 
a DRAM having a capacitor according to the first embodiment of the 
present invention will now be described with reference to Figs. 1 to 6. In 
the manufacturing method of the semiconductor device according to the 
present invention, source/drain region 1 is first formed below the main 
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surface of semiconductor substrate 20 with a prescribed depth. Next, 
interlayer oxide film 2 is formed to cover semiconductor substrate 20 
including source/drain region 1. Thereafter, a contact hole is formed to 
penetrate interlayer oxide film 2 to reach source/drain region 1. Next, 
5 titanium nitride film 8 is formed as a barrier metal film, at the bottom of 
the contact hole. Thereafter, a tungsten film 6 is formed on titanium 
nitride film 8 to fill in the contact hole. Thus, the structure shown in Fig. 
2 is obtained. 

Next, as shown in Fig. 3, tantalum nitride (TaN x ) film 30a is formed 

10 by sputtering to continuously cover the upper surfaces of tungsten film 6 
and interlayer oxide film 2. In this sputtering for forming tantalum 
nitride film 30a, tantalum as a target is first made to collide with 50 cc/min 
of Ar gas under a pressure of 30 mTorr, and tantalum nitride generated by 
reaction of the tantalum and 20 cc/min of nitride gas is sputtered on 

15 tungsten film 6 and interlayer oxide film 2. Next, as shown in Fig. 4, 
tantalum nitride film 30a is etched to a prescribed pattern to form 
tantalum nitride film 3a that is to be a storage electrode. Thereafter, as 
shown in Fig. 5, tantalum oxide (Ta 2 0 5 ) film 40 is formed by CVD to 
continuously cover the surface of tantalum nitride film 3a and the upper 

20 surface of interlayer oxide film 2. In this CVD for forming tantalum oxide 
film 40, Ta(OC2Hs) as a raw material is forced to react within oxygen gas, 
and then, tantalum oxide obtained is deposited to cover the surface of 
tantalum nitride film 3a under a pressure of 1 Torr at a temperature of 450 
°C. Next, as shown in Fig. 6, tantalum nitride film 50a is formed to cover 

25 the upper surface of tantalum oxide film 40. Thereafter, tantalum oxide 
film 40 and tantalum nitride film 50a are etched into a prescribed pattern 
to form tantalum oxide film 4 as the capacitor dielectric film and tantalum 
nitride film 5a as the cell plate electrode, as shown in Fig 1. Thus, the 
capacitor of the semiconductor device according to the present embodiment 

30 is completed. 

I n the manufa cturing method of the semiconductor device according 
to the preserrt^ the cell plate 

^ ">electrode are formed using tantalum nitride fttmT^ work 
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funcTuln-o^whieh4sJ> i 4J^ In other words, according to the 
manufacturing method ofth^emiconductor device of the present 
embodiment, the electrodes of the capacltesL^re formed using a material of 
which work function is greater than the 4.95V"woTrkfunction of titanium 

nitride film 105. 

With such a manufacturing method, the storage electrode and the 
cell plate electrode are formed with tantalum nitride films 3a and 5a 
having a high work function. This allows formation of a capacitor in 
which it is less likely that electrons are introduced into tantalum oxide film 
4 constituting the capacitor dielectric film. Accordingly, the possibility of 
generation of a leakage current in the capacitor dielectric film is 
diminished. It is thus possible to manufacture a semiconductor device 
provided with a capacitor in which degradation of the charge retaining 
capability is suppressed. 

Further, tungsten film 6 is formed as a part of the contact plug. 
This prevents oxidation of the upper surface of the contact plug that would 
be inevitable during the manufacturing process if a polysilicon film is used 
to form a capacitor of a semiconductor device, as in the conventional case. 
Therefore, a capacitor can be formed in which generation of additional 
capacitance due to the oxidation of the upper surface of the contact plug is 
prevented. As a result, it is possible to manufacture a semiconductor 
device in which reduction of capacitance of a capacitor is restricted. 

Moreover, tantalum nitride film 3a offering an effective barrier is 
formed on tungsten film 6. This allows formation of the contact plug and 
the storage electrode with tungsten film 6 and tantalum nitride film 3a, 
respectively, wherein counter diffusion between them is less likely to occur. 
As a result, a capacitor can be formed in which generation of a leakage 
current in the capacitor dielectric film due to the counter diffusion between 
the contact plug and the storage electrode is restricted. As a result, it is 
possible to manufacture a semiconductor device having a capacitor with an 
improved charge retaining capability. 
Second Embodiment 

Now, a structure of a semiconductor device provided with a DRAM 
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having a capacitor according to the second embodiment of the present 
invention will be described with reference to Fig. 1, same as the first 
embodiment. The entire structure of the semiconductor device provided 
with the DRAM having the capacitor of the present embodiment is identical 
to that of the semiconductor device of the first embodiment, as shown in Fig. 
1. However, the two embodiments are different from each other in the 
following manner. In the first embodiment, tantalum nitride films 3a and 
5a are used as the storage electrode and the cell plate electrode to sandwich, 
from bottom and top, tantalum oxide film 4 being the capacitor dielectric 
film. In contrast, in the present embodiment, indium oxide (InaOs) films 
3b and 5b are used, instead of tantalum nitride films 3a and 5a, to form the 
storage and cell plate electrodes. In Fig. 1, the structure of the 
semiconductor device according to the present embodiment is indicated 
using reference numerals in parentheses, (3b) and (5b), instead of 3a and 
5a. 

With such a structure, the electrodes of the capacitor are formed 
using indium oxide films 3b and 5b, which is unlikely to cause reductive 
reaction of tantalum oxide film 4 during the manufacturing process. Thus, 
possibility of elimination of oxygen atoms within tantalum oxide film 4 
constituting the capacitor dielectric film is minimized, whereby tantalum 
oxide film 4 forming the capacitor dielectric film maintains a high degree of 
crystallinity. Accordingly, generation of a leakage current in the capacitor 
dielectric film due to the deficiency of oxygen atoms within tantalum oxide 
film 4 is suppressed. As a result, the charge retaining capability of the 
capacitor is improved. 

A manufacturing method of the semiconductor device provided with 
the DRAM having the capacitor according to the second embodiment of the 
present invention will now be described with reference to Figs. 1 to 6, as in 
the case of the first embodiment. The manufacturing method of the 
semiconductor device according to the present embodiment includes process 
steps substantially identical to those in the first embodiment illustrated in 
Figs. 1 to 6. A difference between the two embodiments is that, in the 
process steps of forming the storage electrode and the cell plate electrode 
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illustrated in Figs. 3 and 6, respectively, tantalum nitride films 30a and 
50a are sputtered in the first embodiment, whereas indium oxide films 30b 
and 50b are sputtered in the second embodiment. The manufacturing 
method of the semiconductor device according to the present embodiment is 
illustrated using reference numerals in parentheses, (3b), (5b), (30b) and 
(50b), instead of 3a, 5a, 30a and 50a, in the drawings. 

With such a manufacturing method, indium oxide films 30b and 50b 
that is unlikely to cause, during the manufacturing process, reductive 
reaction of tantalum oxide film 40 constituting the capacitor dielectric film 
are utilized, and thus, possibility of elimination of oxygen atoms within 
tantalum oxide film 40 due to the reductive reaction is minimized. 
Therefore, a capacitor can be formed in which tantalum oxide film 4 
forming the capacitor dielectric film keeps a high degree of crystallinity. 
Accordingly, generation of a leakage current in the capacitor dielectric film 
due to the deficiency of oxygen atoms within tantalum oxide film 4 is 
suppressed. As a result, it is possible to manufacture a semiconductor- 
device having a capacitor with an improved charge retaining capability. 

Third Embodiment 

A structure of the semiconductor device provided with a DRAM 
having a capacitor according to the third embodiment of the present 
invention will now be described with reference to Fig. 7. As shown in Fig. 
7, the entire structure of the semiconductor device provided with the DRAM 
having the capacitor according to the present embodiment is essentially the 
same as that of the first embodiment illustrated in Fig. 1. However, in the 
present embodiment, the cell plate electrode is made of a tantalum nitride 
film 5a and a copper film 7 contacting the upper surface of tantalum nitride 
film 5a. 

With such a structure, highly conductive copper film 7 is used to 
form a part of the cell plate electrode. This increases the drift speed of 
electrons within the cell plate electrode, and hence, increases the response 
speed of the capacitor to respond signal charges given to the capacitor. As 
a result, the operating speed of the semiconductor device is increased. 

Further, tantalum nitride film 5a offering an effective barrier is 
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formed as a part of the cell plate electrode, which suppresses counter 
diffusion between tantalum nitride film 5a and copper film 7. Therefore, 
generation of a leakage current in the capacitor dielectric film due to the 
counter diffusion within the cell plate electrode is restricted. It is thus 
possible to improve the charge retaining capability of the capacitor when 
the copper film is used as a portion of the cell plate electrode to improve 
conductivity of the cell plate electrode. 

Moreover, the semiconductor device of the present embodiment is 
described in which copper film 7 is formed on tantalum nitride film 5a that 
is present in the case of the first embodiment. However, even when the 
copper film 7 is formed on indium oxide film 5b that is formed in the second 
embodiment, it is also possible to obtain the same effects, such as the 
increase in the operating speed of the semiconductor device, and the 
improvement in the charge retaining capability. 

A manufacturing method of the semiconductor device provided with 
the DRAM having the capacitor according to the third embodiment will now 
be described with reference to Figs. 6 to 8. The manufacturing method of 
the semiconductor device according to the present embodiment includes 
process steps substantially identical to those of the method of the first 
embodiment, except that, after the structure as shown in Fig. 6 of the first 
embodiment is obtained, copper film 70 is further formed by sputtering on 
tantalum nitride film 50a, as shown in Fig. 8, and then, tantalum oxide 
film 40, tantalum nitride film 50a and copper film 70 are etched together. 

With such a manufacturing method, highly conductive copper film 7 
is formed as a part of the cell plate electrode. Thus, a capacitor can be 
formed in which electrons within the cell plate electrode drift at a high 
speed, which allows the capacitor to respond to the signal charges given 
thereto with an increased response speed. It is thus possible to 
manufacture a semiconductor device which operates at a high speed. 

Further, the cell plate electrode is formed using tantalum nitride 
film 5a offering a good barrier, which suppresses counter diffusion of 
tantalum nitride film 5a and copper film 7. Therefore, a capacitor can be 
formed in which generation of a leakage current in the capacitor dielectric 
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film due to the counter diffusion within the cell plate electrode is restricted. 
As a result, it is possible to manufacture a semiconductor device having a 
capacitor with an improved charge retaining capability when a copper film 
is used as a part of the cell plate electrode to increase conductivity of the 
cell plate electrode. 

Moreover, in the manufacturing method of the semiconductor device 
according to the present embodiment, copper film 7 is further formed on 
tantalum nitride film 5a that is formed in the manufacturing method of the 
semiconductor device according to the first embodiment. However, even 
when the copper film 7 is formed on indium oxide film 5b that is formed in 
the manufacturing method of the semiconductor device according to the 
second embodiment, it is possible to obtain the same effects that the 
semiconductor device operating at a high speed can be formed, and that the 
semiconductor device with an improved charge retaining capability can be 
formed. 

Fourth Embodiment 

A structure of the semiconductor device provided with a DRAM 
having a capacitor according to the fourth embodiment of the present 
invention will now be described with reference to Fig. 9. As shown in Fig. 
9, in the semiconductor device provided with the DRAM having the 
capacitor of the present embodiment, source/drain region 1 is formed below 
the main surface of semiconductor substrate 20 with a prescribed depth. 
Interlayer oxide film 2 is formed to cover semiconductor substrate 20 
including source/drain region 1. A contact hole is formed to penetrate 
interlayer oxide film 2 to reach source/drain region 1. Titanium nitride 
film 8 is formed as a barrier metal film at the bottom of the contact hole. 
Tungsten film 6 is formed on titanium nitride film 8. On tungsten film 6, 
tantalum nitride film 9 offering a good barrier is formed to fill in the 
contact hole, which film constitutes a part of the storage electrode. Indium 
oxide (In205) film 3b is formed to continuously cover the upper surfaces of 
tantalum nitride film 9 and interlayer oxide film 2. Tantalum oxide 
(Ta20s) film 4 is formed to continuously cover the surface of indium oxide 
film 3b and a portion of the upper surface of interlayer oxide film 2. 
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Indium oxide film 5b is formed to cover the upper surface of tantalum oxide 
film 4. Tantalum nitride film 10 is formed on the upper surface of indium 
oxide film 5b. Copper film 7 is formed on the upper surface of tantalum 
nitride film 10. 

With such a structure, tantalum nitride film 9 is formed beneath and 
contacting the lower surface of indium oxide film 3b constituting the stage 
electrode, which suppresses counter diffusion of indium oxide film 3b and 
tungsten film 6. Therefore, generation of a leakage current in the 
capacitor dielectric film due to the counter diffusion of the contact plug and 
the storage electrode is restricted. As a result, it is possible to improve the 
charge retaining capability of the capacitor when the storage electrode is 
formed using the indium oxide film that is unlikely to cause reduction of 
the tantalum oxide film during the manufacturing process. 

Further, tantalum nitride film 10 is formed between two layers of the 
cell plate electrode, i.e., indium oxide film 5b and copper film 7. This 
suppresses counter diffusion of indium oxide film 5b and copper film 7. 
Therefore, generation of a leakage current in the capacitor dielectric film 
due to the counter diffusion within the cell plate electrode is restricted. As 
a result, it is again possible to improve the charge retaining capability of 
the capacitor when the cell plate electrode is formed using the copper film 
to increase the response speed of the capacitor. 

A manufacturing method of the semiconductor device provided with 
the DRAM having the capacitor according to the fourth embodiment of the 
present invention will now be described with reference to Figs. 9 to 17. In 
the manufacturing method of the semiconductor device of the present 
embodiment, a source/drain region 1 is first formed below the main surface 
of a semiconductor substrate 20 with a prescribed depth. Next, an 
interlayer oxide film 2 is formed to cover semiconductor substrate 20 
including source/drain region 1. Thereafter, a contact hole is formed to 
penetrate interlayer oxide film 2 to reach source/drain region 1. Next, a 
titanium nitride film 8 as a barrier metal film is formed at the bottom of the 
contact hole. Thereafter, a tungsten film 6 is formed on titanium nitride 
film 8 to fill in the contact hole up to a certain height. The structure 
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shown in Fig. 10 is thus obtained. 

Thereafter, as shown in Fig. 11, tantalum nitride film 9 is formed to 
fill in the contact hole, which film becomes a part of the storage electrode 
and serves as a barrier metal. Next, as shown in Fig. 12, indium oxide 
(ImOa) film 30b is formed by sputtering to continuously cover the upper 
surfaces of tantalum nitride film 9 and interlay er oxide film 2. 

Next, as shown in Fig. 13, indium oxide film 30b is etched to a 
prescribed pattern to form indium oxide film 3b as a part of the storage 
electrode. Thereafter, as shown in Fig. 14, a tantalum oxide (Ta20s) film 
40 is formed by CVD to continuously cover the surface of indium oxide film 
3b and the upper surface of interlayer oxide film 2. In this CVD for 
forming tantalum oxide film 40, Ta(OC2H 5 ) as a raw material is forced to 
react within the oxygen gas, and the tantalum oxide thus generated is 
deposited on indium oxide film 3b under a pressure of 1 Torr at a 
temperature of 450°C. Thereafter, as shown in Fig. 15, indium oxide film 
50b is formed to cover the upper surface of tantalum oxide film 40. Next, 
as shown in Fig. 16, tantalum nitride film 100 is formed on indium oxide 
film 50b. Thereafter, as shown in Fig. 17, copper film 70 is formed by 
sputtering on tantalum nitride film 100. Next, tantalum oxide film 40, 
indium oxide film 50b, tantalum nitride film 100 and copper film 70 are 
etched to a prescribed pattern so as to form, as shown in Fig. 9, the 
capacitor dielectric film with tantalum oxide film 4, and the cell plate 
electrode with indium oxide film 5b, tantalum nitride film 10 and copper 
film 7. Thus, the capacitor of the semiconductor device of the present 
embodiment is completed. 

With such a manufacturing method, tantalum nitride film 9 offering 
a good barrier is formed as a part of the storage electrode, beneath and 
contacting the lower surface of indium oxide film 3b. This allows 
formation of a capacitor in which counter diffusion of indium oxide film 3b 
and tungsten film 6 is restricted. Accordingly, a capacitor can be formed 
in which generation of a leakage current in the capacitor dielectric film due 
to the counter diffusion of the contact plug and the storage electrode is 
suppressed. As a result, it is possible to manufacture a semiconductor 
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device provided with a capacitor having an improved charge retaining 
capability when the indium oxide film that is unlikely to cause reduction of 
the tantalum oxide film during the manufacturing process is formed as a 
part of the storage electrode. 

Further, tantalum nitride film 10 offering an effective barrier is 
formed between two layers of the cell plate electrode, i.e., indium oxide film 
5b and copper film 7. Therefore, it is possible to form a cell plate electrode 
in which counter diffusion of indium oxide film 5b and copper film 7 is 
restricted. Accordingly, a capacitor can be formed in which generation of a 
leakage current in the capacitor dielectric film due to the counter diffusion 
within the cell plate electrode is restricted. As a result, it is again possible 
to manufacture a semiconductor device having a capacitor with an 
improved charge retaining capability when a highly conductive copper film 
is used to form a part of the cell plate electrode. 

Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the terms of the 
appended claims. 
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